Tn¥ complete nucleotide sequence of mRNA for B-subunit of rat brain S-100 protein was determined from recombinant cDNA clones. The sequence was composed of 1488 bp which Included the 276 bp of the complete coding region, the 120 bp of the 5'-noncoding region and the 1092 bp of the 3'-noncoding region containing two polyadenylation signals. In addition, the poly(A) tail was also found. The amino add sequence deduced from the nucleotide sequence was homologous to the amino acid sequence of bovine S-100 B subunit except 4 residues showing species differences. From the viewpoint of evolutionary implications, the homology between the nucleotide sequence of S-100 and those of rat intestinal Ca-b1nding protein (ICaBP) and calmodulin (CaM) was examined. A dot-blot hybridization of poly(A) RNA from the developing rat brains using a labeled cDNA showed a rapid increase in S-100 mRNA at 10-20 postnatal days. The presence of S-100 mRNA in C-6 glioma cells 1s also described.
INTRODUCTION
S-100 protein is a brain specific protein discovered by Moore et^ aj_ (1) . This protein is mainly localized 1n astrocytes 1n the central nervous system, although many Investigators are still studying about the problem of cellular localization (2) . Recently Isobe e_t al Isolated a and B subunits of S-100 protein from bovine brain and determined the amino add sequences of each subunit, revealing the structural relation of S-100 with caldum-binding proteins of EF-hand type (3) (4) (5) (6) (7) (8) (9) . However, rat brain contains exclusively S100b composing homodimer of B subunit (8, 9) .
We previously Isolated S-lOOb from rat brain (9) and then observed the in vitro synthesis of this protein in a reticulocyte lysate cell free system (10) .
In this paper, we report the construction, identification and characterization of cDNA clones to S-100 mRNA of rat brain. The complete nucleotide sequence determination of this cDNA is also presented. From the viewpoint of evolutionary Implications, the homology between the nucleotide sequence of S-100 and those of other EF-hand type Ca-binding proteins; rat intestinal. vitamin D-dependent Ca-b1nding protein (ICaBP) and calmodulin (CaM), 1s compared. Further, the dot-blot hybridization of mRNA for S-100 from the developing rat brains is described. The presence of S-100 mRNA in the C-6 glioma cells 1s also described.
MATERIALS AND METHODS
Enzymes and reagents. Reverse transcriptase (RNA-dependent DNA polymerase, EC 2.7.7.49) was purchased from G.W. Beard (Life Sciences). Restriction endonucleases were from Takara Shuzo Co. (Kyoto, Japan Preparation of RNA. Total microsomes were prepared from adult rat brains and microsomal RNA was Isolated by phenol-chloroform-Isoamylalcohol extraction procedure (11) . Poly(A) RNA was Isolated from the microsomal RNA by ol1go(dT)-cellulose chromatography (12) .
OUgodeoxynucleotide synthesis. A mixture of all 16 possible 17-base long oligodeoxynucleotides (3'-AAA GTT CTT AAA TAC CG-5') shown 1n Fig. 1 , G C C G one of which 1s complementary to mRNA for amino add residues (71-76) of B subunit of bovine S-100, was synthesized by the modified phosphotHester method on polystyrene by using programmed synthesizer (Solid Phase Synthesizer Model 25A, Genetic Design Co.) and purified by using a high performance liquid chromatography (13, 14) .
Labeling of oliqodeoxynucleotides. The oligodeoxynucleotide was labeled at the 5' end by transfer of [ 32 P] from [y-32 P]-ATP using T4 polynucleotide kinase as described by Wallace £t al^ (15) . Construction and cloning of double-stranded cDNA. Double-stranded cDNA was prepared from poly(A) RNA using reverse transcriptase with oligo(dT) as a primer and inserted into the PstI site of pBR 322, using the dG-dC tailing technique. These procedures were essentially performed as described by Land e_t a]_ (16) . Transformation of Escherichia coll x!776 or HB101 was carried out according to the procedure of Dagert e_t al_ (17 Northern analysis of brain poly(A) RNA. Rat brain microsomal poly(A) RNA was isolated as described above. Poly(A) RNA was also Isolated from the C-6 cells (cultured glioma cells), which produce S-100 protein. Various amounts of poly(A) RNA after formamide treatment were electrophoresed on a 1.3X agarose gel containing formaldehyde, transferred to a nitrocellulose filter and hybridized with the nick-translated [ 32 P] S-100 cDNA Insert (pRS-4). After washing, the RNA blot was f1uorographed at -80 °C using an Intensifying screen (21) .
RNA dot-blot hybridization. Total poly(A) RNA Isolated by guanidine hydrochloHde extraction from the whole brains of the developing rats at various ages or the C-6 glioma cells was spotted directly onto nitrocellulose filters and hybridized with the single-stranded nick-translated [ 32 P] S-100 cDNA according to the procedure of Thomas (22) . In vitro translation. mRNA-dependent reticulocyte cell-free reactions and analysis of translation products were carried out essentially according to the procedures of Masuda e_t al_ (10) and Yoshida et^ a^ (23) .
RESULTS AND DISCUSSION
Cloning of S-100 cDNA Poly(A) RNA isolated from the rat brain microsomes was used to construct a rat brain cDNA library. These procedures were performed essentially according to the method of Land ejt al^ (16) . [
32 P]-labeled 17-base long oligodeoxynucleotides were used to screen the clones containing S-100 cDNA inserts. Two colony-hybrid1zat1on-pos1t1ve clones, pRS-1 and pRS-4, were isolated from about 10000 tetracycline resistant transformants. An oligodeoxynucleotide was used as an effective probe 1n the screening of the cloned cDNA molecules for several peptides and proteins such as endorphin, enkephalin (24) , gastrin (25) and nerve growth factor (26) . In this experiment, we have also used successfully a 17-base long oligodeoxynucleotide as a probe in the screening of the recombinant cDNA for S-100 6 subunit mRNA. Inserted cDNAs were isolated from these cloned colonies and their DNA nucleotide sequences were determined by the procedure of Maxam and Gilbert (20) . Restriction nuclease map and nucleotide sequence determination of piasmid DNA
The size of the inserted cDNA nucleotide sequence was determined by digestion of the plasmid DNA with PstI and electrophoresing the fragments on an agarose gel. Restriction nuclease maps of pRS-1 and pRS-4 were constructed by analyses of their single and double enzyme digests. Since pRS-1 was small, we used pRS-4 having about 400 bp for further analysis. The nucleotide sequence of the Insert of pRS-4 was determined from 5'-[ 32 P]
end-labeled fragments after digestion with Ddel, BstNI or BstEII as shown 1n Fig. 2 which shows the strategy of sequencing and the restriction map of pRS-4. After we had determined the nucleotide sequence of this cloned cDNA, we rescreened the cDNA library using the nick-translated inserts. Thirteen colonies showed strong positive reaction to this probe in 80000 transformants. Four long cDNA clones (pRS-11, -39, -49 and -51) contained collectively 1488 bp inserts, which Included the 276 bp of the complete coding region, the 120 bp of the 5'-noncoding region and the 1092 bp of the 3'-noncod1ng region. In addition, the poly(A) tall was found. These Indicate evidence for the complete nucleotide sequence considering the size . Although the amino add sequence of 6 subunit of rat S-100 has not been determined at present, the differences may be due to the species differences. These results Indicate that only four amino acids are different between rat and bovine or porcine proteins, confirming the data about amino add compositions of these proteins (9), and that S-100 protein is one of the most conservative proteins during evolution. The amino acid sequence of rat S-100 1s near to that of human one. We determined 18 amino acid residues of amino terminus of 0 subunit of rat brain S-100 by the microsequencing method of Hunkapiller and Hood (27) and that sequence was identical to the amino acid sequence deduced from our nucleotide sequence. The codon for serine at position 2 1s immediately preceded by The assignment of domains of S-100 protein 1s based on the ami no add sequence deduced from the nucleot1de sequence of rat S-100 cDNA according to Isobe et §1 (6) .
AUG coding for methionine. It 1s possible that the amino terminus of mature S-100 is generated directly by removal of the Initiator methionine. Further, there is no additional amino acid sequence at carboxyl terminus of the mature protein.
The recent paper described that 1n contrast to the high conservative nature of the coding region, the 5'-and 3'-nontranslated regions of the cDNA for chicken and eel CaM (28), a calcium-binding protein of EF hand type, have minimal homology. Although the noncoding regions are long and contain 18-repeated A sequence 1n S-100 cDNA (1n two clones, 12-repeated A sequence), similar to those of CaM, it 1s not clear at present whether such a situation is found in S-100 cDNA or not, because cDNA clones for S-100 protein of other species were not yet obtained. Further, although the high homology was seen between domains I/III and II/IV of CaM, such high homology was not found 1n the nucleotide sequences between domains I and II of S-100 (Table  I) . Furthermore, we examined the homology of nucleotide sequences between chicken CaM and B-subun1t of rat S-100. High homology was found between the helixes of CaM IV/S-100 I and between the loops of CaM II/S-100 II (Table  II) , although high horoology was not seen 1n any combinations of other parts (data not shown).
During the preparation of this manuscript, Desplan et aQ. ( 29 ) published a paper about the nucleotide sequence of cDNA for rat ICaBP which 1s another calcium-binding protein of EF hand type. Since about 32X homology of the amino add sequences between bovine ICaBP and bovine S-100 protein was found, we examined the homology of the amino add sequences and nucleotide sequences between rat ICaBP and & subunit of rat S-100. It was Interesting to find 36? homology of amino add sequences and 522 overall homology of nucleotide sequences, especially high horology of nucleotide sequences 1n The assignment of domains of S-100,CaM and ICaBP 1s based on our data as 1n Table I and on the data of Putkey et al (28) and Desplan e_t aj[ (29), respectively.
the helix and loop parts of domains I or II (Table II) . Furthermore, we examined the homology of 3'-and 5'-noncoding regions among rat S-100, rat ICaBP and chicken CaM, but could not find any high homology (data not shown), although the size of their 3'-noncoding regions were short (104 bp) 1n ICaBP and long (857 bp) 1n chicken CaM. These comparative analysis of the nucleotide sequences may be Important from the viewpoint of evolutionary Implications. Size of S-100 mRNA The nick-translated cDNA was used as a probe to establish the size of S-100 mRNA 1n the rat brain. F1g. 4 shows that it 1s about 1500 bases in length by Northern transfer technique. A peptide of 10700 molecular weight requires 276 bases for Its coding region. The size of mRNA from the C-6 cells was also similar to that of rat brain (Fig. 4) . Therefore, S-100 mRNA must have about 1200 noncoding bases including the 3'-poly(A) tail. Fig. 3 shows the 120 nucleotides in the 5'-noncod1ng regions containing two stop codons, UGA and UAG, found 15 and 60 bases-upstream to Initiating codon AUG. respectively. These results suggest that there 1s no precursor and signal peptide for S-100 protein unexpectedly. In the 3'-noncod1ng region, 1092 nucleotides were found Including 18-repeated A sequence, two polyadenylating signals, AAUAAA and AUUAAA, as shown in many eukaryotic mRNAs (30) . In addition, the poly(A) tail was also found. Two polyadenylation signals may be used for Identification of the cleavage site and the addition of poly(A) tails as shown 1n the eel CaM mRNA (31): the first signal, AAUAAA, and the second signal, AUUAAA are followed by the poly(A) tall at the position 1353 (* 1n F1g. 3) 1n the pRS-51, or by the poly(A) tall at the F1g. 4 . Northern hybridization analysis of S-100 mRNA. Microsomal poly(A) RNA from rat brain (a) and total poly(A) RNA from C-6 cells (b) were simultaneously electrophoresed on a 1.31! agarose gel as described under Materials and Methods. 4*174 DNA digested with Taq I, the EcoRI-PstI fragment of pBR 322 and r-RNA were electrophoresed on the same gel and stained with ethidium bromide for use as a molecular weight marker.
position 1368 (** in Fig. 3 ) 1n the pRS-49. Therefore, these data indicate that our cDNA contains the complete nucleotide sequence. The developmental changes of S-100 mRNA in rat brain Since cDNA probe was available, the developmental changes of this mRNA were examined by a dot-blot hybridization of poly(A) RNA from rat whole brain using the labeled cDNA. Fig. 5 shows a rapid increase at 10-20 days in S-100 mRNA concentration. A similar developmental change of translatable S-100 mRNA 1n a cell-free translation system was found, confirming a rapid increase io. ao 3d 40 BO BO days The preparation of cloned cDNA probes specific for B subunit of S-100 will permit us the cloning of genomic DNA for S-100 protein and the elucidation on the molecular mechanism of transcription and specific expression of S-100 gene In the glial cells. However, 1t is evident from the data of F1g.
4 and the data with the dot-blot hybridization (data not shown) that the expression of S-100 gene is found in C-6 glioma cells.
